In this research we describe effective Hamiltonian theory and apply this theory to the calculation of current-current ( ) and QCD penguin ( ) decay rates. The channels of charm quark decay in the quark levels are: .
.
We obtain the total decay rates of semileptonic and hadronic of charm quark in effective Hamiltonian according to colour Favoured (C-F) and colour Suppressed (C-S), and then to added amplitude of processes colour Favoured and colour Suppressed (F-S) and obtain the decay rates of them. Also Using Spectator Model, we obtain Branching Ratio of some D meson decays. For D mesons, we have an isospin analysis of the spectator model for various decays and we show that this Model independent from isospin is clearly not in accord with experiment.
Introduction: Effective Hamiltonian
As a weak decay under the presence of the strong interaction, D meson decays require special techniques. The main tool to calculate such D meson decays is the effective Hamiltonian theory. It is a two step program, starting with an operator product expansion (OPE) and performing a renormalization group equation (RGE) analysis afterwards. The necessary machinery has been developed over the last years. The derivation starts as follows: If the kinematics of the decay are of the kind that the masses of the internal particle are much larger than the external momenta P, , then the heavy particle can be integrated out. This concept takes concrete form with the functional integral formalism. It means that the heavy particles are removed, as dynamical degrees 
where the ellipsis denote terms of higher order in
. Apart from the t quark the basic framework for weak decays quarks is the effective field theory relevant for scales
. This framework, as we have seen above, brings in local operators, which govern ''effectively'' the transition in question. It is well known that the decay amplitude is the product of two different parts, whose phases are made of a weak (Cabbibo-Kobayashi-Maskawa) and a strong (final state interaction) contribution. The weak contributions to the phases change sign when going to the CP-conjugate process, while the strong ones do not. Indeed the simplest effective Hamiltonian without QCD effects (
where is the Fermi constant, are the relevant CKM factors and
is a , is current-current local operator.
This simple tree amplitude introduces a new operator and is modified by the QCD effect to
where and are Wilson coefficients. The situation in the Standard Model is, however, more complicated because of the presence of additional interactions in particular penguins which effectively generate new operators. These are in particular the gluon, photon and . The operators can be grouped into three categories [2] :
gluonic penguin operators. Moreover each operator is multiplied by a calculable Wilson coefficient
where the scale μ is discussed below, ) ( ) (
= and denotes the relevant CKM factors that are: 
Here are defined by Eq. (7),
and index refer to d or s quarks. Squaring spin average term is given by,
We must obtain the eight terms of helicity states of equation above, and then add them, so )]
After adding all colour combinations 
The angle between the particle velocities must be physical, 
The partial decay rate in the c rest frame is, )
After the change of variable to x and y , the decay rate is given by, . 
(17)
Spectator Model
In the spectator model [3] the spectator quark is given a non-zero momentum having in this work a Gaussian distribution, represented by a free (but adjustable) parameter, Λ :
Probability distribution of three momentum for spectator quarks are given by
and ) ( 2 s p P is normalized according to,
We, however, consider here a tentative spectator model based upon the idea of duality between quark and hadron physics at the high energies of c quark and D meson decays. The decays at the quark level, even including the penguins, are basically short distance processes. In our proposed spectator quark model the long distance hadronization is largely a matter of incoherently assigning regions of the final quark phase space to the different mesonic systems. For example, we consider a D meson u c or d c to be a heavy stationary c quark accompanied by a light spectator constituent antiquark, which has a spherically symmetric normalised momentum distribution
. The total meson decay rate through a particular mode is then assumed to be k i s s k i total dp dp p d p P dp dp 
is is p P dp dp
k i is s s dp dp d dp
is is dp dp p P dp dp d p dp
where, the integration region is restricted by the condition 1 cos ≤ is θ . We also assign a mass j k M to the second quark-antiquark system such that,
or,
The variable , or , determines the mass
Taking this mass to be the independent variable, we have
k is dp dp p P dp dp
The integration range is restricted by
We call this mode of quark and antiquark combination (colour favoured). Finally, by integration, we compute the partial decay rates dp dp p P dp dp
We call this (colour suppressed). In some meson decays, for example
which is initiated by the quark decay d du c → , the spectator d could have combined with the s or the u . In this case, we show results if the processes add incoherently and also assuming coherence. Summing, the decay rates of B mesons for and are: we examine what may be regarded as two extreme possibilities. In the first, called here , we take the Eq.(13),(27) and (29) at face value, that is we make no attempt to follow the flow of colour and assume that all colour flow is looked after by the gluon fields in the meson system. In the second, called here model(B) , we consider the possibility that the lowest mass meson states are only formed if the quark-antiquark pairs are in a colour singlet state. That is, we assume that the colour distribution caused by a quark-antiquark pair in an octet state will result in more complex meson systems than the lowest mass and states. 
(31) Where suffices 1,2,3 stand for yellow, blue and red colour, respectively. The spectator is a colour singlet with the c quark. Hence, the colour factors for and are given by, 
While, for represented by Eq.(58) they are ) (
Effective Hamiltonian Spectator Model
Now we want to try calculation of spectator model for general case that we called effective Hamiltonian spectator model. According to Eq.(14), the total decay rates for current-current plus penguin operators in the Effective Hamiltonian is given by, . Now, we can integrate over the two mass cuts (two boson systems), and obtain the hadronic decay rates as follows, 
Decay Rates of Processes C-F plus C-S (F+S) of Effective Hamiltonian
Now we want to calculate the decay rates of Effective Hamiltonian ( ) for F+S at quark-level and spectator model. The Effective Hamiltonian for F+S, is given by 
Here and refer to colour and helicity factor,
We must square these terms and averaging over the b quark spin 1/2 and -1/2,
where 1 α , 2 α and 3 α defined by Eq.(11). The decay rates of current-current plus penguin for F+S is given by, , 
and, 
Numerical Results
As an example of the use of the formalism above, we use the standard Particle Data Group [4] (14)) shown in Table 1 
and .We told that, in this cases got a two-boson system and, therefore two masses of cut for bosons system. We choose masses of cut for two boson system Table 2 . The results are presented in Table 3 and compared, where data is available, with the sum of the branching ratios into mesons with masses less than the above cutoff masses. Also all the experimental and theoretical D meson decays in spectator model classified and given by Table 3 .
d) The decay rates of c quark for F+S shown in the Table.4 and the total decay rates of F+S is given by 
